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1. Introduction 
A five-year program of Antarctic Climate Research (ACR) was 
planned to be carried out at Syowa, Asuka and Mizuho Stations, 
surrounding the ice sheet and sea ice area from 1987 to 1991 by 
the Japanese Antarctic Research Expedition (JARE) as part of 
the international cooperating World Climate Research 
Program (WCRP) (Yamanouchi, 1989). The main research subjects 
are; 1) interannual variation of Antarctic atmosphere, 2) sea 
ice-atmosphere interaction, 3) variation of ice sheet and ice 
shelf, 4) ice core analysis. In JARE- 2 9 ( the 2nd year of this 
program) we have mainly observed the i terns related to the 
i n t e r a n n u a l  v a r i a t i o n  of A n t a r c t i c  a t m o s p h e r e .  T h e  
observational data of clouds and precipitation are shown in this 
report. These data are useful for studying short- and long-term 
variations of clouds and precipitation. 
2. Instruments and Observations 
A vertical pointing radar and two microwave radiometers were 
used for measuring integrated ice water contents (IWC mg/cm2) and 
brightness temperature (TB K) of atmosphere, which is related 
to liquid water content (LWC mg/cm 2 ). Specifications of 
instruments are shown in Tables 1 and 2 . System diagrams 
including data collecting hardwares are also shown in Figs. 1 and 
2. The data obtained for a period only from March to December 
1988 are listed in this report. 
A vertical pointing radar was set near the Earth 
I --
Science Laboratory and the data collecting hardwares were set in 
the Laboratory. Radar data are collected every 10 s and the all 
data are written into 8 11 floppy disk every 5 min. Radar echo 
intensity at 12 8 points along altitude (50 m interval) is sampled 
every time. The echo intensity is expressed in 255 levels. 
Two microwave radiometers were set on the roof of the Upper 
and Lower Atmosphere Laboratory and the data collecting hardwares 
were set in the Laboratory in 1987. Data of microwave 
radiometers are sampled every 10 s but only 1-min averaged data 
only are written into 811 floppy disk every 4 min. 
3 . Data Reduction 
Rainfall rate (R mm/hr) and ice water content (M mg/m3 ) at 
each altitude are calculated by the following equations using the 
radar reflectivity factor (Z mm6/m3), 
Z = 500 X R 2 ·0, 
M = 49 x z 0.9 (Sato et al., 1981 ). 
Integrated ice water contents (!WC mg/cm2) are calculated from 
ice water contents of 128 levels from 0.5 km to 6.4 km altitude. 
Namely, 
128 
!WC = L M, x (zi-zi_ 1 ), 
i=l l 
where Mi means ice water content at i-th altitude and zi means 
i-th altitude, .§•..9.• Zo=O, Z1=0.5, ... , Z128=6.4. 
Ground echo data and the other noise data (we say minimum 
value) are contained in our radar data. The fluctuation of 
minimum value is caused mainly by the change of output of 
logarithmic amplifier or magnetron. We estimate the minimum 
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values from echo intensities on the clear sky days. The minimum 
values are decided in each month (Table 3) and the values of 
them are subtracted from calculating values R, M and IWC. We 
express corrected R, M and IWC as Rt, Mt and IWCt. Averaged 
values of Rt, Mt, IWCt are shown in this report. 
Five-min mean brightness temperatures (TB K) of atmosphere 
are obtained from the following procedure. Temperatures (Ti K) 
expressed by the output of microwave radiometer are shown as 
Ti = av + b, 
where V is 5-min mean output voltage (V volts), a and b are 
constants (Table 4). On the other hand, Ti is related to 
the brightness temperature ( TB K) and antenna 
temperature (TAK), namely 
Ti = La x TB + (1-La) x TA, 
phy s ical 
where La is antenna loss. The antenna loss of 37.0 GHz radiometer 
is estimated at 0.758. The surface air temperature ( Ta K) 
o bserved by the meteorologica l staff every hour ( Japan 
Meteorological Agency, 1990) replaced TA. It is thought that 
large error for TB would not be made since TA does not much 
change during an hour. Five-min averaged values of TB are 
shown in this report. Observations of brightness temperature 
are done by two microwave radiometers. H owever, as large 
uncertainty was found in the data of 19.35 GHz radiometer, 
data of 37.0 GHz radiometer are only shown in this report. 
4. Description of Figures 
Figure 3 shows the daily variation of total rainfall from 
March to December 1988. Total rainfall is calculated from radar 
echo intensity at the altitude of 300 m. In the figures the 
horizontal axis is total rainfall and the vertical one is month 
and day. Figure 4 shows a time-height cross section of daily 
--3-
mean echo intensity. Daily mean echo intensity is expressed by 
8 symbols which indicate the grades of echo intensity. Order of 
the grades is symbol 5, 4, 3 , 2, 1, asterisk, period, and space, 
symbol 5 being the strongest and space the weakest. Figure 5 
shows the variation of 5-min mean brightness temperature by 37.0 
GHz radiometer and 5-min mean integrated ice water content by 
the vertical pointing radar for 2 days. Figures from March to 
December 1988 are listed here. In the figure the hori zontal 
axis indicates time and the vertical one indicates brightness 
temperature (TB K) and integrated ice water content (IWCt 
mg/cm2 ). Solid circle shows brightness temperature and open 
circle shows integrated ice water content. 
5. Data List of Microwave Radiometer and Vertical Pointing Radar 
1) Microwave radiometer (19.35 GHz and 37.0 GHz) 
Observational periods were from 1 February 1988 to 3 1 January 
1989. 
* 1-min mean ( 1 0 s sampling) voltage output data 
* 5-min mean voltage output data 
* 5-min mean brightness temperature data 
* 5-min mean liquid water content data 
All are stored in 5" floppy disk. 
2) Vertical pointing radar 
Observational periods were from 24 February 1988 to 3 1 January 
1989. 
* Echo intensity data from surface to 6.4 km altitude 
(50 m interval) every 10 s are stored in 8" and 5" 
floppy disks. 
* 5-min mean ice water content (M mg/cm3 ) data are stored in 
5" floppy disks. 
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Table 1. Specifications of vertical pointing radar. 
Antenna 
Parabolic antenna with radome in 2.0 m diameter 
Antenna gain 44 db 
Beam width 1 .0 







Repetition frequency: 750 Hz 
Receiver sensitivity: -106 dbm 
Log amp linearity 70 db 
-5-
Table 2. Specifications of microwave radiometers. 
( 1 ) ( 2 ) 
Receiver 
Frequency 37.0 GHz 19.35 GHz 
Type Dicke Dicke 
Polarization Lineary polarization 
Bandwidth 100 MHz 100 MHz 
Sensitivity 0.2 K 0.5 K 
(integrated time) : ( 1 s) ( 1 s) 
Temperature range: 50-500 K 50-500 K 
AGC Yes Yes 
Antenna 
Diameter 0.2 m 0.5 m with radome 
Gain 25 db 33 db 
Table 3. The minimum integrated ice water content (mg/cm2) data 
which are recognized as ground echo and the other noise 
data from March to December 1988. 
March 12.0 August 42.0 
April 1 2. 5 September 44.0 
May 1 4. 5 1 - 3 October 35.0 
1 -1 5 June 13.0 3-31 October 22.0 
1 5-1 7 June 10.0 November 2 2.0 
1 7-30 June 50.0 December 24.0 
July 45.0 
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Fig. 4. Time-height cross section of mean echo intensity. 
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